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ROTATING MANDREL FOE ASSEMBLY OF 
INFLATABLE DEVICES 

Turn's E. Webb, Administrator of the National Aero- 
Utilities tmd Space Administration with rtesf^et to an * 
invention of Sfgvard I. Sfenlund, Northdeid, Alfred I. 
Wendt, Minneapolis, and John A. MacFaddeti, Farm- 
highm, Minn. 

Filed Mar. 31, 1967, Ser. No. 628,246 
Inf. a. 1132b 31/04, 31/10; B65b 9/06 
U.S. CL 156 — -510 10 Claims 10 


ABSTRACT OF THE DISCLOSURE 

Apparatus facilitating the accurate measurement, cut- 
ting and assembling of an adequate number of gores 
from sheet stock material to form an inflatable structure 
with a configuration of a solid of revolution. 


The invention described herein was made in the per- ~ 
formance of work under a NASA contract and is subject 
to the provisions of Section 305 of the National Aero- 
nautics and Space Act of 1958, Public Law 85-568 (72 
Stat. 435; 42 USC 2457). 25 

This invention relates generally to apparatus for facil- 
itating the accurate measurement, cutting and assembling 
of an integral number of gores, from lightweight sheet 
stock material, to form an inflatable structure with a 
configuration of a solid of revolution, and relates in par- 
titular to a rotatable, elongated, multisided mandrel struc- 
ture utilized to simplify, mechanize, and speed up the in- 
flatable fabrication as well as to reduce inaccuracies and 
material damage during assembly of lightweight sheet 
slock into inflatable structures. r,5 

The use of large inflatable structures for experiments 
in outer space is becoming increasingly important. Such 
inflatable structures offer numerous possibilities for use 
in communications relay station, wheather forecasting 
fields, television communication and other studies relating 40 
to outer space. The structures normally employed for 
these uses are constructed of flexible and lightweight 
metallic coated plastics of less than one thousandths of 
an inch thickness which is assembled into a unitary struc- 
ture and carried aloft in a compact package and, at pre- 45 
selected distance from earth, erected to assume a par- 
ticular configuration. Obviously, when dealing with ma- 
terials of less than one thousandths of an inch thickness, 
such as the aluminum-Mylar laminate employed for the 
Echo balloons, the fabrication of the unitary inflatable r y Q 
structure presents many problems and requires numerous 
manhours in the assembly thereof. 

Heretofore, the assembly of these large inflatable struc- 
tures involved several independent steps including (1) 
assembly of a pattern for defining individual sections of 55 
the device, (2) layout of material over the pattern, (3) 
cutting the material to the pattern shape, (4) stamping 
of match marks along the edge of the material, (3) roll- 
ing up the cut pieces for storage until used, (6) setup 
and mating of match marks for adjacent sections on a 
sealing rail, (7) sealing, and (8) removal of the sealed 
sections from the rail into the final assembled configura- 
tion. The disadvantages of these numerous process steps 
required to final assembly are obvious inasmuch as the 
material must be handled excessively, and all operations gg 
except the sealing step are manual, fn addition, tolerance 
buildup occurs because each operation has a tolerance 
associated with it and many trained technicians are re- 
quired because of the manual operations. Also due to 
I he manual handling and numerous steps in this prior ^ 
ad fabrication technique, the scrap rates of the stock 
material have proved quite high and surface irregularities 
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have occurred on the final configurations because it Is 
not always possible to mate adjacent match marks. 

Thus, there is a definite need in the art for a fabrica- 
tion technique that eliminates or minimizes the numerous 
manual operation steps required in the production of 
large lightweight inflatable structures. 

Accordingly, it is an object of the present invention to 
provide an apparatus that will simplify, mechanize, and 
speed up inflatable fabrication as well as to reduce in- 
accuracies and material damage during assembly of in- 
flatable structures. 

Another object of the present invention is a novel 
rotatable mandrel assembly whereby individual gores re- 
quired to form an inflatable structure with a configura- 
tion of a solid of revolution may be measured, cut and 
sealed in a continuous operation. 

Another object of the present invention is an apparatus 
for fabricating inflatable structures serving to reduce the 
scrap rate of stock material employed in making up the 
inflatable structure. 

Another object of the present invention is an appa- 
ratus for assembling inflatable structures wherein the 
handling of the stock material is minimized. 

Another object of the present invention is an apparatus 
for speeding up the fabrication of inflatable structures 
from sheet stock material. 

According to the present invention, the foregoing and 
other objects are attained by providing a rotatable, elon- 
gated, multi sided mandrel structure which, in cross sec- 
tion, is equivalent to an integral number of gores for 
fabrication of an inflatable structure of predetermined 
configuration. Each of the mandrel sides are of substan- 
tially the same size and shape and, in planform, repre- 
sent a pattern for an individual gore for the inflatable 
structure. The rotatable mandrel of the present invention 
is maintained, by a suitable support structure, in sus- 
pended, rotative position. A horizontal track is vertically 
spaced from the mandrel and also supported by the sup- 
port structure. A motorized sealing unit is movable along 
the horizontal track and serves to sealingly connect ad- 
jacent gores while they are disposed on the mandrel after 
having been cut from the sheet stock material. 

The rotatable mandrel skeletal structure is, formed of 
a plurality of elongated rib members with the area be- 
tween the adjacent rib members defining the peripheral 
shape for an individual gore used to make up the final 
inflatable configuration. Each of the rib members is pro- 
vided with a central slot throughout the length thereof 
which serves as a cutting and sealing guide during the 
cutting and sealing of the individual gores into a unitary 
structure. 

The specific dimensions for the mandrel structure will 
vary with the specific inflatable structure to be fabricated. 
The mandrel circumference, in cross section, is every- 
where equivalent to an integral number of gores; a gore 
being defined as the cut materials used as sections for 
assembly of the inflatable. In the case of a spherical in- 
flatable structure, a gore is defined by the surface area 
between two great circles that converge at two points, 
the two points being 180° apart. The periphery of each 
gore is measured on the mandrel by the two slots appear- 
ing in adjacent ribs of the mandrel skeletal structure with 
the slots serving as a cutting and sealing guide. Since 
the mandrel cross section is equivalent to an integral num- 
ber of gores, material can be cut and sealed continuously 
until the required number are fastened together for com- 
pletion of the device. 

A more complete appreciation of the invention and 
many of the attendant advantages thereof will be readily 
apparent as l he same becomes better understood by ref- 
erence lo the following detailed description when con- 
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sidered in connection with the accompanying drawings 
wherein : 

FIG. 1 is a view of a mandrel skeletal structure sus- 
pended on the support structure according to the present 
invention; 

FIG. 2 is a view of the mandrel and support structure J 
in final operative form and in position to receive sheet 
stock material; 

FIG. 3 is a part-sectional view of one of the circular 
bulkheads and the supporting rib member making up the 
skeletal structure of the mandrel of the present invention; 

FIG. 4 is an enlarged sectional view of the rib mem- 
ber shown in FIG. 3 as taken along lines 4 — 4 of FIG. 3; 

FIG. 5 is a view' of a single gore of material as meas- 
ured and formed on the mandrel shown in FIG. 2; and 15 

FIG. 6 is a view of a final inflatable configuration con- 
structed in accordance with the present invention. 

Referring more particularly to the drawings, wherein 
like reference numerals designate identical parts through- 
out the several views, and more particularly to FIG. 1, 20 
there is shown the inflatable assembly apparatus generally 
designated by reference numeral 10 and employing sup- 
port structure 11 and rotatable mandrel structure gen- 
erally designated by reference numeral 12. The skeletal 
structure of mandrel 12 as shown in FIG. 1 includes a 25 
plurality of identical elongated rib members with a plu- 
rality of circular bulkhead supports 17 maintaining the 
rib members 14 in fixed predetermined interconnection. 

The various bulkheads 17 are of identical construction 
except for circumferential area variations. The specific 30 
configuration for the mandrel 12 is determined mathe- 
matically so as to provide a multisided structure wherein 
the cross section thereof will be equivalent to an integral 
number of gores for fabrication of an inflatable struc- 
ture of predetermined configuration with each of the 35 
mandrel sides being of substantially the same size and 
shape and, in planform, representing a pattern for an 
individual gore for the inflatable structure. The pattern 
for an individual gore on the mandrel is thm determined 
by the space defined between any two adjacent rib mem- 40 
hers 14. An axle if extends from each end of mandrel 12 
and provides the rotative support for mandrel 13 on the 
support structure 11. Mandrel 12 may be rotated on its 
axle 19 by a suitable motor, not shown or manually as 
so desired. 

A horizontal track 21 forms an integral part of the 
support structure II and is vertically spaced from man- 
drel 12. 

Referring now more particularly to FIG. 2, the final con- 
figuration of the mandrel 12 ia operative position for re- go 
ceivi ng sheet stock is shown. As shown therein, the exterior 
of mandrel 12 is essentially covered by a plurality of suit- 
able fabric cover sections 23 when utilizing the skeletal 
structure shown in FIG. 1 for measuring, cutting and 
waling sheet stock material to form inflatable structures, gg 
as will be more fully explained hereinafter. 

A motorized sealing unit 25, movable along and sup- 
ported by horizontal track 21, serves to seal the indi- 
vidual gores of the inflatable structure after they have 
been measured and cut on mandrel 12. Sealing unit 25 $$ 
utilizes a hot wheel and sealing tape to effect joining of 
the adjacent panels, in a conventional manner. A similar 
sealing unit of this type is more fully explained in U.S. 
patent application Ser. Ho. 499,122, filed Oct. 20, 1965, 
now Patent No. 3,4 1 6,988 for a "Traveling Sealer for Con- §§ 
toured Table' 9 and assigned to the National Aeronautics 
and Space Administration. Inasmuch as mandrel 12 is 
provided with some slope, a maximum of 12®, sealing 
unit 25 is a Iso adapted for slight vertical movement as it 
moves horizontally along track 21 so as to minimize 70 
pressure variations. 

In the norma! sealing of the Mylar-aluminum laminate 
material generally used for construction of Inflatable sat- 
ellite structures, a sealing temperature of 340 e F. Is em- 
ployed by sealing unit 25, with the required pressure ap- 75 
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plied to effect the sealing being sixty to one hundred p.s.i. 

Referring now more particulary to FIG. 3, the indi- 
vidual circular bulkheads, one of which is shown in sec- 
tion and is designated by reference numeral 17, serve to 
support the rib members, as described hereinbefore and 
as represented by rib member 14 in this figure. As shown 
in FIG. 3, circular bulkhead 17 includes a plurality of 
integral brackets adjacent the periphery thereof one of 
which is in FIG. 3 and designated by reference numeral 
27. Brackets 27 are equal in number to the number of ribs 
14 making up the skeletal structure of the rotatable man- 
drel 12 but only one of which is shown in the interest 
of simplicity. Bracket 27 secures rib 14 in integral con- 
nection with bulkhead 17 by way of bolt 29 through a 
suitable tapped opening 31 provided in the base of rib 
14. The center of each bulkhead 17 is bored to receive a 
conduit 18 therethrough for connection with axle 19 in 
a conventional manner. 

As shown more particularly in FIG. 4, rib 14, in sec- 
tion, shows the longitudinally extended slot 33 therein. 
Slot 33 is bounded on each side by a longitudinally ex- 
tending strip of rubber as designated by reference nu- 
merals 35 and 37. Rubber strips 35 and 37 perform the 
dual function of maintaining the fabric sections 23 in 
position on mandrel 12 and by defining the width of slot 
33 to thereby provide a positive groove surface within 
the ribs 14. The exposed surface of rubber strips 35 and 
37 provide a tacky surface for assisting in fixedly position** 
ing sheet stock material on the mandrel. 

Rubber strips 35 and 37 are bonded by a suitable ad- 
hesive into position so as to expose slot 33 therebetween 
with the exterior surface of the rubber strips being tacky 
and flush with the exterior rib surfaces. Fabric covering 
23 for mandrel 12 is formed of a plurality of sections 
of suitable fabric, such for example a Dacron-Mylar lami- 
nate, which are also maintained in position by being 
placed beneath rubber strips 35 and 37 on each of the 
receptive ribs and bonded into position therewith. The 
area of fabric sections 23 in contact with rubber strips 
35 and 37 is provided with suitable perforations to in- 
sure a good adhesive bond being obtained by the rubber 
strips. 

Aluminum, or any other lightweight metallic material, 
may be employed for the construction of ribs 14, as well 
as for the circular bulkheads 17. It is to be understood 
that the general construction of the other bulkheads and 
ribs making up mandrel 12 are essentially identical to 
that for bulkhead 17 and rib 14 illustrated in FIG. 4 but 
the details of the others have been omitted in the interest 
of clarity. 

An individual gore measured and cut according to the 
present invention is illustrated in FIG. 5 and designated 
by reference numeral 51. 

The inflatable structure shown In FIG. 6, and generally 
designated by reference numeral 60, is constructed from 
a plurality of gores 51 with a pair of end caps 62 and 
63 being added thereto over the ends of the individual 
connected gores 51 in a conventional manner. Inflatable 
structures of this type may be- fabricated in accordance 
with the present invention of from a few feet in diameter 
to more than a hundred feet in diameter with the maxi- 
mum size being restricted essentially only to the maxi- 
mum length mandrel that, can be constructed, 

OPERATION 

The operation of the above described invention k now 
believed apparent- Sheet stock k received 'from the manu- 
facturer in correct width rolls for fabrication of the in- 
datable structures. A roll of this stock material, not 
shown, Is disposed in position to permit the material to 
be laid up on the mandrel 12 over the defined mandrel 
gore section to provide contact with the tacky surface 
of the rubber strips 35 and 37 on two adjacent rib mem- 
bers. This area between adjacent ribs provides a pattern 
for a. specific gore. This pattern is stretched sufficiently 



to eliminate wrinkles m the material and theft fastened in 
place by a suitable pressure “sensitive tape placed along 
the periphery, thereof. The measured material k then 
cut- to gore shape by utilizing slots 33 in the adjacent 
rib members as a cutting guide. The apparatus for cut- g 
ting the individual gore patterns may he hand-operated 
or may he a motorized blade adapted to move across the 
mandrel length and supported by the horizontal track 
21 or the like structure* as so desired. 

After cutting of a first gone panel to the shape of ^ 
the one side of the mandrel surface, the mandrel is ro- 
tated and more material placed in position and cut to 
shape a second gore on an adjacent side surface of the 
mandrel. After two adjacent panels are in place and cut 
to shape a seal is made along the adjacent surfaces thereof 15 
by motorized sealing unit 25. Sealing unit 25, as men- 
tioned hereinbefore, may be of conventional structure 
normally used in a sealing inflatable structure of this type 
with the only modification thereof being a suitable guide 
wheel 26 or the like being employed to follow guide slot 20 
33 in the rib structures so as to maintain the seal formed 
in an essential uniform fashion. 

After connecting two adjacent panels, mandrel 12 is 
rotated to bring a third side thereof into position for 
measuring, cutting and sealing of a third gore to the sec- 25 
ond gore. This operation is continued in like manner until 
the entire structure for the inflatable device is completed 
with new material being added to one side and sealed ma- 
terial removed at the opposite side of the mandrel. A suit- 
able bag or other container, not shown, may be disposed 30 
on the back side of mandrel support II so as to receive 
and store the sealed material until all gores are cut and 
sealed. This continuous gored structure is then removed 
and the first and last gores connected together in a con- 
ventional manner with polar end caps 61 and 62 being 35 
added to the gore ends so as to provide the completed in- 
flatable structure as shown in FIGURE 6, 

Although the invention has been described with a spe- 
cific number of gores, eight, being shown for mandrel 
12, it is to be understood that the basic concept is suit- 40 
able for assembly of any surface of revolution of any 
dimension. Thus, the number of gores, the mandrel cross 
section and length can be varied to suit the required in- 
flatable design. It is thus seen that by the use of the pres- 
ent invention, several of the manual assembly operations 45 
normally experienced in the fabrication of large inflatable 
structures have been eliminated. That is. no separate pat- 
tern, separate gore cutting, match marks, storage, layup 
on a scaling rail, or mating of match marks is required. 

In addition, the tolerance buildup is limited to the errors 50 
bulk into the mandrel; therefore, an accumulation of the 
errors cannot occur. The rotating mandrel of the present 
invention thus provides automation to what has been es- 
sentially a manual assembly procedure. 

Although the invention has been described and illus- 55 
(rated in reference to a specific configuration for the man- 
drel and the inflatable structure obtained, it is to be under- 
stood that suitable mathematical calculations will permit 
the use of the rotatable mandrel structure of the present 
invention for any surface of revolution. 00 

The inflatable structure constructed by use of the spe- 
cific rotating mandrel described resulted in a 12-foot diam- 
eter inflatable balloon with 48 gores being employed in 
the final inflatable configuration. Any siitsliiplc v>i the siues 
of the mandrel structure may be employed as the gores U5 
in a final configuration and the eight-sided mandrel shown 
could be employed for making final configurations hav- 
ing any number of gores desired. Thus, for a balloon 
having twenty gores, two and one-half revolutions of 
mamltel 12 would be required-, for a configuration of fifty 70 
gores, six and one-fourth revo tution* would be required, 
etc. 

The only quantitative elements needed for designing a 
specific mandrel are the gore width at all points along 
the longitudinal gore centerline, the distance between 76 


gore stations measured along the gore centerline and Vm 
number of gores that the mandrel is to have, this being 
eight m the presently illustrated embodiment 

Although the invention has been described more spe- 
cifically relating to the use of thin aluminum-Mylar lami- 
nate material for constructing inflatable communications 
satellites and the like, it is to be understood that the In- 
vention is not limited thereto. More specifically, the ro- 
tating mandrel assembly of the present invention may be 
utilized in the fabrication of any gored material regard- 
less of the thickness thereof when it is necessary or de- 
sirable that an automated assembly procedure be em- 
ployed for constructing a structure utilizing a plurality of 
gored sections. 

Also, although a specific materia! has been mentioned 
for mandrel cover sections 23* it is to be understood that 
this is illustrative only and the invention is not to be lim- 
ited thereto. Thus, any suitable material forming a mem- 
brane between the individual ribs to serve as a support 
for and prevent the stock material from falling into the 
skeletal structure may be employed for sections 23. 

In view of the numerous modifications and variations 
that will be readily apparent to those skilled in the art in 
the light of the above teachings, it is to be understood 
that, within the scope of the appended claims, the inven- 
tion described herein may be practiced otherwise than as 
specifically claimed therein. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. Apparatus facilitating the accurate measurement, 
cutting and assembling of an integral number of gores, 
from sheet stock material, to form an inflatable struc- 
ture with a configuration of a solid of revolution, com- 
prising: 

(!) a rotatable, elongated, multisided mandrel struc- 
ture, said structure, in cross-section, being equivalent 
to an Integra! number of gores for fabrication of an 
Inflatable structure of predetermined configuration, 
each of said mandrel sides being 

(a) of substantially the same size and shape 

(b) and, in planform, representing a pattern for 
art individual gore for said inflatable structure, 

(2) cutting guide means extending substantially along 
the periphery of each of said mandrel sides, 

(3) axle means extending from each end of said man- 
drel structure, 

(4) support means for said mandrel structure rotata- 
bly receiving said mandrel structure in suspended 
rotative position, 

(5) horizontal track means vertically spaced from said 
mandrel and supported by said support means, and 

(6) sealing means movable along said horizontal track 
serving to seaiingly connect adjacent gores after said 
gores have been cut along the edge of said cutting 
guide means. 

2. The apparatus of claim 1 wherein said mandrel in- 
cludes a plurality of equi-distance spaced ribs extending 
the length of said mandrel, and the spacing between in- 
dividual ribs defining a side surface of said mandrel and 
each said side surface being essentially in the form of an 
individual gore for said inflatable structure. 

3. The apparatus of claim 2 wherein said mandrel is 
substantially hollow and a plurality of circular bulkheads 
are positioned in spaced relationship therein and serving 
as supports for said ribs. 

4. The apparatus of claim 3 wherein each said rib is 
provided with a slot substantially along the longitudinal 
mid fine thereof and disposed on the exterior of said man- 
drel said slot in each said rib serving as said cutting 
guide means for an individual gore edge and the slots in 
two adjacent ribs outlining the periphery of a single gore 
pattern, 

5. The apparatus of claim 4 wherein said sealing means 
for sealingly connecting said gores includes' a guide 
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adapted to traverse said slot as the seal is effected be- 
tween adjacent gores. 

6* The apparatus of claim 4 wherein each said rib is 
embedded with a pair of longitudinally extending strips 
of rubber disposed on opposite sides of said slot and r 
serving to provide a tacky surface to assist in maintain- 
ing said sheet stock in position on said mandrel during 
the measuring, cutting and sealing of said gores. 

7. The apparatus of claim 6 wherein the exterior of 
said mandrel surface is substantially covered by a plu- 
rality of stretched fabric sections, each of said fabric sec- 
tions being maintained in position by one of said strips 
of rubber on adjacent rib members and so constructed 
and arranged as to maintain the exterior surface of said 
rubber strips and the slot in each of said ribs exposed 15 
along the exterior of said mandrel. 

8 . The apparatus of claim 6 wherein after a pair of 
gores have been cut to conform with adjacent sides of 
said mandrel the sealing means effects sealing engagement 

of the two gores and said mandrel is rotated to position 20 
the sheet material on the adjacent side surface of said 
mandrel and the cutting of a third gore and the sealing 
thereof to said second gore is effected with the first of 
said gores being rotated by said mandrel to be out of the 
way, said mandrel rotation, sheet measuring, cutting and 25 
sealing being repeated until an integral number of said 
gores have been joined together* 

9. Apparatus for accurately measuring, cutting and 
assembling an integral number of gores to form an in- 
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Hatitble structure with a configuration of a solid of revolt!- 
lion from sheet material, comprising in combination: 
mandrel means for receiving sheet material, said 
mandrel means having a pluarity of faces, each face 
being of a size and configuration adapted for accurate 
measurement ©f a plurality of individual gores of 
said sheet material to form said inflatable structure, 
guide means for facilitating cutting of individual gores 
of said material as measured on said mandrel, and 
means for sealingly connecting each individual gore 
to its preceding gore while said gores are on said 
mandrel. 

10. The apparatus of claim 1 wherein said mandrel is 
provided with eight sides and the inflatable surface of 
revolution to be formed is mad© up of any number of 
sides greater than the number of sides of said mandrel. 
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